Abstract The conservation of biodiversity in agroecosystems is closely related to land use. Intensive land use is considered to be a major cause of biodiversity loss. Most studies addressing the effect of land use intensity on biodiversity have compared organic and conventional systems. However, little is known about the heterogeneity of the management intensity within each farming system. We hypothesise that there is a gradient of land use between and within the farming systems and that an index of management intensity is more useful than the farming system for evaluating the effects of the management practices on weed flora. In this study, 18 pairs of organic and conventional cereal fields were selected in northeastern Spain. The farmers were interviewed to gather information on the management practices performed. We selected the five following variables from these interviews: nitrogen inputs, crop diversity, weed control, seed origin and cereal ratio. We used principal components analysis to create a new management index. Weed species richness was recorded in 10 field pairs before crop harvest. Our results showed that the index values displayed huge variation within each farming system. Index values of conventional fields varied between −0.01 and 1.00, whereas within organic ones the values ranged from −1.19 to 0.18. The index better explained weed species richness than did the farming system. The index values demonstrate the existence of a land use intensity gradient, which indicates that it is an oversimplification to always equate organic farming with low intensity management. Here, we also prove that this new index is more appropriate for evaluating the effects of management practices on weed species richness than the classical organic-conventional dichotomy.
Introduction
High intensity land use, which is characterised by monoculture, intensive ploughing and high rates of mineral fertilisation and pesticides, has negative consequences on the environment. Among others, increased soil erosion, lower soil fertility, pollution of ground water and eutrophication of rivers and lakes are the main ecological problems reported (Matson et al. 1997) . Intensification of land use has also been identified as a major cause of the current biodiversity decline in agroecosystems (Reidsma et al. 2006; Robinson and Sutherland 2002) . For instance, arable weeds have suffered a severe decline over all Europe (Petit et al. 2011 ). This loss of weed diversity affects the delivery of ecosystems services and the support of animal diversity (Matson et al. 1997; Petit et al. 2011) , which has developed concerns over the sustainability and environment consequences of the intensification of land use in agricultural systems. Hence, reliable methods for assessing the land use intensity of cropping systems are essential (Bockstaller et al. 2008) . Such methods should allow the comparison of farms or regions and the implementation of adequate measures for species conservation strategies.
Most studies addressing the effect of land use intensity on farmland biodiversity have used a comparison of organic and conventional farms (Gibson et al. 2007; Hole et al. 2005) . However, these comparisons are based on the assumption that agricultural practices, and consequently land use intensity, are well-differentiated between the farming systems and also fairly homogeneous within each system. Although there is evidence that conventional farming is usually more intensive than organic farming, there is little information regarding the variation in management intensity within each farming system (but see Rigby et al. 2001) . Nevertheless, agricultural practices could differ significantly between farms. Accordingly, it is feasible to consider the existence of a gradient in land use intensity between and within the farming systems. For instance, for each farming system, the switch from intermittent to continuous cultivation and the specialisation of farms are trends associated with management intensification (Giller et al. 1997) . As an example, in Catalonia (northeastern Spain), the percentage of fallow agricultural land and the number of mixed farms have considerably decreased over the last decades (Idescat 2010) .
Accordingly, for a better assessment of land use intensity, it could be more accurate to focus on specific farming practices rather than on the classical organic-conventional dichotomy. In this sense, several approaches have been proposed to assess land use intensity (see Shriar 2000) . Some authors have used the crop yield per unit of land, although that is highly variable between crops and could also be affected by interannual variability in rainfall. For example, yields under Mediterranean conditions usually depend more on the availability of water than on the intensity of farming practices (wheat yield and total mean rainfall in Catalonia; 2004, 3.9 t ha −1 , 541.9 mm; 2006, 2.6 t ha −1 , 436.7 mm; Idescat 2010). Other studies quantify agricultural inputs related to land productivity, such as nitrogen fertilisation or the application of pesticides (Giller et al. 1997; Herzog et al. 2006; Reidsma et al. 2006; Rigby et al. 2001; Shriar 2000) . The objective of our study was to assess the land use intensity in organic and conventional dryland cereal fields in the Mediterranean region and its effects on weed flora. We hypothesise that: (1) there is a gradient of land use intensity between and within organic and conventional fields and (2) an index that summarises the information on several management practices is a more appropriate variable than each single management variable or the farming system (organic vs. conventional) in evaluating the land use intensity and its effects on weed diversity.
Materials and methods

Study site
This study was conducted in 2007 at 18 sites in Catalonia (northeastern Spain). The criterion for selecting the sites was the presence of farms that had been managed organically since at least 2001 (median=1996). The area studied covered approximately 100×50 km, extending from 1°05′ to 2°05′ E and from 41°24′ to 42°05′ N. The mean altitude (± standard error) was 542.4±40.0 m above sea level, and the climate was Mediterranean, with an annual average precipitation of 610.4±22.3 mm and temperature of 12.6±0.2°C.
At each site, we selected one organic and one conventional farm. Their main economic activity was cereal production. From each farm, we selected one dryland cereal field. The organic and conventional fields were close, but not adjacent, to avoid the potential detrimental effects of the neighbouring agricultural practices, such as herbicide applications, on the organic fields. The fields were chosen to minimise differences in soil type and the major physiographic characteristics, such as slope, orientation, and size. Accordingly, fields shared similar area (conventional, 1.68±0.14 ha, mean±standard error; organic, 1.35±0.12 ha; Wilcoxon's paired tests within site, P=0.99) and perimeter measurements (conventional, 563.8±15.6 m; organic, 534.0±28.2 m; P=0.49), and the soil was basic with a loamy-clayish texture. Both the conventional and organic farmers sowed cereals (winter wheat or barley) between September and October.
Characterisation of farming practices
Each farmer was interviewed to characterise his agricultural practices, such as crop rotation, tillage and fertilisation. The questions related to the selected field for the last 5 years, as information about the management from previous years was unreliable. All of the surveys were conducted by the same two people to standardise the interviews as much as possible.
We selected five management variables from the information obtained through the interviews: mean annual inputs of exogenous nitrogen, weed control intensity, cereal ratio, crop diversity, and seed origin (Table 1) . Among other variables, the number of crops per season, soil tillage, field management after harvest, and sowing date were discarded because they were highly homogeneous for all fields and therefore failed to provide relevant information.
Land use intensity index
We applied a data reduction technique (principal components analysis, PCA) to the selected variables to obtain our index of land use intensity (hereafter LUI index). PCA is a commonly used data-reduction method that allows the capture of most of the variation of the original data in a few new variables. We used the scores of the first component of the PCA as an objective measure of land use intensity for each field because it accounts for the maximum amount of variance. Thus, the PCA should allow us to summarise in only one variable (LUI index) the information about the selected management practices (mean nitrogen inputs, weed control intensity, cereal ratio, crop diversity, and seed origin). Therefore, the LUI index represents a global land use intensity measure for each field because it includes information about all of the selected management variables. As the management variables had different units, they were standardised by subtracting the lowest value of each variable from each value of that variable and dividing by the range. Hence, all of the variables ranged from 0 to 1. We explored the relationships among the management variables and between them and the LUI index using a Spearman's correlation analysis for continuous variables and using a Wilcoxon rank-sum test for the categorical variable (seed origin).
Relating weed flora to land use intensity
We used the developed LUI index, its constituent management variables and the farming system (organic vs. conventional) as proxies for land use intensity to assess their effects on weed flora. We evaluated 10 pairs of organic and conventional cereal fields that were randomly selected from among the 18 sites. The weed sampling was conducted in June by counting weed species in four 2×2 m plots randomly placed in the centre of each field. Weed species richness was selected as a proxy for weed diversity because of its simplicity and sensitivity to agricultural intensification (Guerrero et al. 2010) . Moreover, it has been the component of diversity most often considered in studies addressing the effect of agricultural intensification on weed flora.
The observed variance in weed species richness was analysed using mixed models. Mixed models account for nested sampling designs by using random effects. We considered each site, with one organic and one conventional field, as a block. The between-site (or between-block) variation around the average model (for all sites) can be considered to be a random effect. Several models were fitted, each with a different proxy for land use intensity as a fixed effect: the LUI index, the farming system, mean annual inputs of exogenous nitrogen, weed control intensity, cereal ratio, crop diversity, or seed origin. To ease comparison among the models, all variables were coded to test for the effects of increasing levels of agricultural intensity. Categorical variables were compared by orthogonal contrasts and continuous variables were standardised to have a mean of zero and standard deviation of one. The adequacy of the models was assessed through the normality and unbiasedness of residuals and through the predictive power of the model. We performed the same analysis for the organic and conventional fields separately through linear models. The analysis of the conventional fields did not include the model with the factor 'weed control intensity' as it had the same value for all of the conventional farmers. . The mean annual input of exogenous N per ha and year. This variable was calculated from information from the farmers about the quantity and type of fertiliser, using local tables of N content High rates of nitrogen fertilisation increase eutrophication of the soil and the risk of nitrate leaching, which could negatively affect weed species diversity (Billeter et al. 2008; Firbank et al. 2008; Kleijn et al. 2009 ) Weed control
The intensity of weed control (0, no weed control; 1, weed harrowing with long-flex spring tines; 2, herbicide). Only one application of herbicide (against broad-and grass weed species) per year (in winter) was recorded in the conventional fields. Similarly, mechanical weed control in organic fields was also performed once a year
Weed control can reduce the diversity of flora and their associated fauna. Weed control in the organic and the conventional fields was weighted differently because of the greater efficiency of chemical control (Lundkvist 2009) Cereal ratio
The percentage of years within a rotational scheme that the field was sown with cereals Cereal monoculture changes soil microorganisms and weed flora, depletes essential soil nutrients and can encourage persistent pests and diseases (Karlen et al. 1994; Stevenson et al. 1997 ) Crop diversity
The number of different families of crops sown within the last five years: cereals, legumes, tubers, etc.
The potential effects of crop rotation depend upon the choice of crops grown and their sequence within the rotation. Crop diversity supports biodiversity at different levels (soil microorganisms, weeds, insects, etc.). It can improve soil structure and fertility by alternating deep-rooted and shadow rooted crops (Karlen et al. 1994 ) Seed origin Use (1) or no use (0) of commercial seeds. The re-use of cereal seeds could be a source of weed seeds, as reused seeds were usually much more infested by them than were commercial cereal seeds (personal observation) Improvements in seed cleaning techniques have reduced and threatened the existence of some weed species (e.g., Holzner 1982) We evaluated these models using the methods described by Burnham and Anderson (2002) . This approach compares the fit of the models using the Akaike's Information Criterion (AIC), which is proportional to the likelihood of the model and the number of parameters used to generate it. We computed the AIC corrected for small sample size (AICc) value for each model. The difference in AICc values between models (Δ i = AICc i − minAICc) is a measure of the fit of each model relative to the best model (the model with the minimum AICc value) and indicates the relative support for the different models. A Δ i <2 suggests substantial evidence for the model; values between 3 and 7 indicate that the model has considerably less support, whereas a Δ i > 10 indicates that the model is very unlikely (Burnham and Anderson 2002) . The Akaike weight (w i ) of each model indicates the probability of it being the best model among the candidate models. We also computed the 95% confidence intervals of each variable to evaluate their respective contributions to the explanatory power of the model. We carried out statistical analyses using R 2.7.1 (R Development Core Team 2008), with the package "lme4" (Bates et al. 2008 ) for mixed models.
Results and discussion
Farming practices
Overall, the organic and conventional fields differed largely in their management practices. All of the conventional farmers applied broad-leaf and grass herbicides annually, but only six out of the 17 organic farmers controlled weeds mechanically (weed harrowing; Table 2 ). Most of the conventional farmers (16/18) sowed cereal every year, alternating wheat and barley, whereas organic farmers performed more complex rotations involving different crop families. Farmers who re-used their own cereal seeds usually cleaned them before sowing. However, these seeds 
). Farmers repeat the rotation scheme when the number of crops is lower than five. Source of fertilisation: BM bovine manure, HS hen slurry, N commercial nitrogen, PS pig slurry, RM rabbit manure, SM ship manure, U urea. Seed origin: C commercial seeds, RU re-use of own seeds. MAN organic field was discarded because of unreliable data a Fertilisation is applied in the spring (otherwise it is applied only in autumn)
were more infested by weeds than the commercial seeds (personal observation) and were a potential source of weed diversity for the field. The type of fertilisation and the frequency and the quantity of nitrogen applied varied greatly among farmers. Overall, the average amount of nitrogen added was higher among the conventional farmers (mean±standard error: 151.2±17.1 and 30.5±8.4 kg ha
for the conventional and organic farmers, respectively; Wilcoxon's paired tests within site: P<0.001; Table 2 ). Spring top-dressed fertilisers were used by some conventional farmers but by only one organic farmer. In addition, some organic farmers did not use external inputs to fertilise, relying only on crop rotation and green manure ( Table 2) . One organic field was discarded because we could not obtain trustworthy data. To our knowledge, this is the first study to assess land use intensity in Mediterranean conditions. The interviews revealed that management under Mediterranean conditions displays huge differences from that of northern and central Europe (Herzog et al. 2006) . For instance, all of the conventional farmers interviewed applied herbicide only once a year (in January or February), and they did not use retardants or insecticides in cereal fields. Similarly, organic farmers who had a weed harrow used it only once a year. Moreover, most farmers grew only one crop per year due to the long period of water stress after crop harvest.
There were high correlations among agricultural practices (Table 3) . This is an inherent characteristic of the system under study, implying that several practices often co-occurred. For instance, farmers who applied high amounts of nitrogen fertilisation usually performed simple rotations, used commercial seeds and relied on herbicides. In contrast, we found that low levels of nitrogen fertilisation were associated with complex rotations, the re-use of seeds and the absence of herbicides.
Land use intensity index
Developing an index often involves weighting each selected variable (Decaëns and Jiménez 2002; Herzog et al. 2006; Mas and Dietsch 2003; Rigby et al. 2001) because it is unlikely that all variables have equal effects. However, it is sometimes difficult to find clear criteria that justify weighting some variables more than others. Weighting variables is a key step in the development of an index, as the final values will be determined by the weights of the component variables. Consequently, to avoid the subjectivity of this process, we used a PCA of the five selected management variables to obtain a land use intensity value for each field. The first two components accounted for 86.45% of variance, and the first component (PC1) explained 64.51%. Given that the PC1 accounted for most of the variability in the data, we used it as an index of land use intensity (LUI index). All variables were present in the PC1, and all of them were highly correlated with it (Table 3) . Thus, the LUI index obtained from the PC1 summarises the information of the five management variables into a single variable.
Overall, the LUI index values ranged from −1.19 to 1.0 and spanned almost uniformly over the whole range (Fig. 1) . The LUI index was negative for most of the organic fields (mean±standard error), −0.62±0.09; min, −1.19; max, 0.18, whereas the opposite pattern was found for the conventional fields (0.59±0.07, −0.01, 1.00; Fig. 1) . Thus, the land use intensity was higher in the conventional fields because of the consistent use of chemical weed control measures, the higher proportion of cereal crops in the rotational scheme, the lower crop diversity and the higher nitrogen inputs. In this respect, the LUI index supports the discrete categorisation of the land use intensity in the two differentiated farming systems, organic However, there was considerable variation within each group. As a consequence, some fields from the two different farming systems had similar values of the LUI index (Fig. 1) , suggesting that the organic and conventional fields could not always be well differentiated by their land use intensity. Therefore, this analysis shows that the land use intensity can vary widely within the farming systems. This result suggests that it would be a gross oversimplification to always equate organic farming with low intensity management or vice versa, although overall land use intensity is lower in organic fields. Similar results were found in the study of Rigby et al. (2001) , who analysed the sustainability of organic and conventional horticultural producers. Thus, organic cropping systems per se are not always less intensive than conventional ones. Their land use intensity depends on the agricultural practices performed. In this respect, some authors have identified a kind of conventionalisation of organic farming practices (Darnhofer et al. 2010) , i.e., practices that comply with the regulations but not with the principles of organic farming.
When considering the individual farming systems, it became evident that although there was a gradient of land use intensity in both systems, it was wider for the organic fields (percentage of variation in relation to the total range of variation of the LUI index; organic=63%, conventional= 46%). As Table 2 shows, farming practices were more homogenous among the conventional fields than among the organic ones, which is in accordance with data reported by Clough et al. (2007) . Conventional fields differed mainly in the total amount of nitrogen fertilisation, whereas the complexity of the rotations, the type and the amount of nitrogen fertilisation and weed control differed greatly among the organic fields.
Land use intensity and weed flora
Altogether, we recorded 72 weed species, 33 (mean species richness per field±standard error, 6.5±1.0, min=2, max= 13) in the conventional fields and 66 (17±1.9, 10, 28) in the organic fields. The most frequent species were common ruderal and arable weeds such as Lolium rigidum Gaudin, Polygonum aviculare L. and Papaver rhoeas L., whereas other species (e.g., Hypecoum procumbens L., Kickxia spuria (L.) Dumort and Scandix pecten-veneris L.) appeared in few fields, mainly in the organic ones.
Analysing both farming systems together, the LUI index received the strongest support from statistical analysis for explaining weed species richness, as shown by its AICc value (the lowest) and high selection probability (w i ; Table 4 ). This support was consistent with its confidence intervals, which exclude 0, and with the high estimated effect (Table 4) . Land use intensity is the result of many agricultural practices (Reidsma et al. 2006) . Therefore, the assessment of its effects on weed species richness using the LUI index, which integrates the information about many management variables, provides the most accurate results.
Weed control intensity was also a good predictor for explaining weed species richness, based on the Δ i , its selection probability and the confidence intervals. Nitrogen inputs, cereal ratio, the farming system and crop diversity were also suitable predictors of weed species richness, according to their confidence intervals. However, they received weaker support than the LUI index and weed control because of the high Δ i values (>7) and the low selection probabilities of these variables. In contrast, seed origin was inappropriate for explaining weed species richness (Table 4) .
It is worth noting that the LUI index, weed control, nitrogen inputs and cereal ratio all fit the data better than the farming system, which simply splits the data into two non-overlapping groups. Conversely, these variables, apart from distinguishing between organic and conventional farming, encompass the gradient of land use intensity within each farming system. Hence, their accuracy in explaining the observed weed flora is higher. The existence of a land use intensity gradient within organic and conventional management practices can explain for the absence of differences in weed species richness between the two farming systems as reported in some studies (Kleijn et al. 2001; Weibull and Östman 2003; Winfree et al. 2008) .
The separate analysis of organic and conventional fields revealed that the suitability of each variable depended on the farming system. The LUI index was the variable with the strongest support for explaining weed species richness Fig. 1 The land use intensity index for the conventional (empty circles) and organic (black circles) fields, obtained from the scores of the PCA (see Section 2.3) in the organic fields based on the AICc value, the selection probability and the confidence interval. Crop diversity, weed control, cereal ratio and nitrogen inputs were also suitable variables for explaining the variability in weed species richness among the organic fields. However, they were weaker predictors according to the selection probability and the AICc value. Conversely, nitrogen inputs had the lowest AICc value in the conventional fields and were the only variable supported by both the confidence intervals and the selection probability (Table 4 ; Fig. 2) .
The different statistical strengths of these variables between the farming systems may be attributed to two causes. First, although we detected a gradient in the LUI index among the conventional fields, herbicides have a larger impact on weed species richness than the rest of the management variables, which could be the reason that changes in the LUI index were not clearly related to weed species richness in the conventional fields. In contrast, farming practices are generally less intensive in the organic fields. Thus, it is the combination of the management practices, as expressed by the LUI index, which best explained weed species richness. Secondly, nitrogen inputs were higher in the conventional fields than in the organic ones (five times higher on average). The high levels of fertilisation could increase the competitive performance of the cereal crop, negatively affecting weed species richness. Several authors have previously reported that the total amount of nitrogen fertilisation has negative consequences on weed diversity (Billeter et al. 2008; Firbank et al. 2008; Kleijn et al. 2009 ). Thus, the difference in the appropriateness of this parameter between organic and conventional fields may be related to the wider range of nitrogen inputs among the conventional fields. Moreover, the greater suitability of nitrogen inputs for the assessment of weed species richness in the conventional fields, compared with the LUI index, may be a consequence of the low weight attributed by the PCA to this variable in the LUI index (see Table 2 ). Therefore, the selection of a particular variable to assess land use intensity and its relationship with weed flora should depend on the aim of the study and its context. For instance, in our study, the LUI index focused more on the heterogeneity within the organic fields, whereas the nitrogen inputs were more correlated with the differences in weed diversity among the conventional fields.
Conclusion
This study proves that the novel index developed here, which integrates information on different agricultural practices into a single variable, is a more suitable approach for measuring land use intensity than the classical organicconventional dichotomy. This study also demonstrates that weed species richness is reduced under intensive land use. The LUI index and also other variables such as weed control intensity and nitrogen input have proven to be more suitable than the farming system for explaining the observed weed species richness.
